BI-POINT DETECTION TYPE HEART-RATE MONITOR AND ITS 
HEART-RATE MONITORING METHOD 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates generally to a heart-rate monitor adapted to 
monitor the frequency of a beating heart and, more particularly, to a bi-point detection 
type heart-rate monitor. The invention relates also to the heart-rate monitoring method 
used in the monitor. 

1 0 2. Description of the Related Art 

Heart-rate monitoring technology and apparatus have been well developed in 
medical care industry. In recent years, heart-rate monitoring devices have been 
intensively used in exercising machines, recreational apparatus, home apparatus, as 
well as personal apparatus. For example, advanced treadmills and standing bicycles 

15 have their handlebars provided with sensor means that detect the frequency of the 
beating of the user's heart. Therefore, the user can monitor one's heart-rate during 
exercise, knowing one's physical status. There are known weight scales having heart 
beat sensor means. When measuring the body weight, the weight scale indicates the 
heart-rate of the user. 

20 According to conventional heart-rate monitoring methods, the human body is 

regarded as a bioelectrical resistor having a constant impedance, and an impulse is 
produced corresponding to each beating action of the heart, and therefore the heart-rate 
is measured. In a conventional heart-rate monitor, a proper voltage is applied to two 
parts of the body (normally the two hands or legs), and then the frequency of the 

25 impulse signal (indicative of the heart-rate) is measured after amplification and 



comparison of the voltage signals passing through the two parts of the body. According 
to the aforesaid prior art design, there are four contact terminals (four-point contact), 
and two hands (or legs) need to touch two contact terminals during examination. U.S. 
patent No. 5,337,753 is a typical design of the application of this technique. When this 
5 designed employed to an exercising machine, the two pairs of contact terminals are 
respectively located on the left and right ends of the handlebar for the touching of the 
hands. When used in a weight scale, the left half and right half of the footboard are 
respectively provided with two contact terminals for the contact of the left foot or right 
foot. 

1 0 During the use of the aforesaid four-point detection type heart-rate monitor, 

the left hand and right hand (left foot and right foot) must simultaneously touch the 
corresponding two contact terminals so that the circuit can accurately measure the 
user's voltage signal. Because each hand (leg) of the user must simultaneously touch 
two contact terminals, the user must apply much effort to force the hands (legs) to 

1 5 force the non-planar palm surface of each hand (the non-planar surface of the bottom 
of the foot) into positive contact with the corresponding contact terminals. In order to 
prevent this problem, the handhold portions must be orthopedically engineered to fit 
the curvature of the palm surface or the surface of the bottom of the foot of a person. 
However, this design does not fit people of different body sizes (adults and children). 

20 Further, when one hand (or leg) of the user does not touch the corresponding 

two contact terminals, for example, when the user loosening the muscles of one hand, 
causing the hand to touch one contact terminal only, at this time, the air between the 
hand and the other contact terminal is measured to obtain an impedance, producing a 
false value. Due to the interference of such a false value, an inaccurate heart-rate is 

25 produced, as shown in FIG. 1, causing the circuit to make an erroneous judgment. 



SUMMARY OF THE INVENTION 

It is the main object of the present invention to provide a bi-point detection 
type heart-rate monitor, which uses two contact terminals for the touching of the user's 
two hands or two legs to obtain a single signal for heart-rate measuring without 
5 through a dual-signal comparison procedure as seen in prior art designs. Because each 
hand or leg needs only to touch one single terminal, the problem of contact error is 
eliminated. 

It is another object of the present invention to provide a bi-point detection 
type heart-rate monitor, which uses a detection unit to detect positive contact between 
10 the user's hands or legs and the two contact terminals, preventing the production of a 
false value. 

To achieve these objects of the present invention, the bi-point detection type 
heart-rate monitor comprises two contact terminals for the touching of the two hands 
or feet of a person; an amplifier-filter circuit adapted to sample impedance signal 

1 5 between the contact terminals, to amplify the impulse of the sampled impedance signal, 
and remove noises from the sampled impedance signal; a waveform converter adapted 
to rectify outputted waveform from the amplifier-filter circuit into a square wave; and 
a processing and output circuit adapted to receive and process the square wave signal 
outputted by the wave form converter, to obtain the mean frequency of peaks of the 

20 received square wave signal by means of a computing process, and to output the 
frequency value thus obtained to a display unit for display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a heat beat curve obtained from a heat-rate monitor according to the 

25 prior art. 
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FIG. 2 is a circuit block diagram of a bi-point detection type heart-rate 
monitor according to the present invention. 

FIG. 3 is a flow chart of the bi-point detection type heart-rate monitoring 
method according to the present invention. 
5 FIG. 4 is a heat beat curve obtained from the bi-point detection type 

heart-rate monitor according to the present invention. 

FIG. 5 is a schematic drawing showing the structure of an exercising 
machine in which the bi-point detection type heart-rate monitor of the present 
invention is installed. 

10 FIG. 6 is a sectional view in an enlarged scale taken along line 6-6 of FIG. 5. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 2, a bi-point detection type heart-rate monitor in 
accordance with the present invention is generally comprised of two contact terminals 
15 10A and 10B, an amplifier-filter circuit 20, a waveform converter 30, a processing and 
output circuit 40, and a detection unit 50. 

The contact terminals 10 A and 10B are electrically conducting terminals for 
the touching of the two hands or feet of the user (the person to be examined), i.e., the 
user works as a bioelectrical impedance connected between the contact terminals 10A 
20 and 10B when touching the contact terminals 10A and 10B accurately. 

The amplifier-filter circuit 20 is adapted to apply a predetermined voltage to 
between the contact terminals 10A and 10B (enabling electric current to pass through 
the user's body), to sample impedance signal between the contact terminals 10A and 
10B, and to amplify the impulse (i.e., the R wave) of the sampled impedance signal 

4 



produced due to the beating of the user's heart and remove noises from the impulse. 

The waveform converter 30 is adapted to rectify outputted waveform from 
the amplifier-filter circuit 20 into a square wave of predetermined wavelength. 

The processing and output circuit 40 is a microprocessor adapted to receive 
5 the square wave signal outputted by the wave form converter 30, to obtain the mean 
frequency (indicative of the frequency of the beating heart) of the peaks of the received 
square wave signal by means of a computing process, and to output the frequency 
value thus obtained to a display unit (not shown) for display. The display unit can be 
an LCD, an LED display, or an LED matrix to display the frequency value by digits. 
10 Because the display unit is not within the scope of the claims of the present invention, 
no further detailed description in this regard is necessary. 

The detection unit 50 is adapted to detect simultaneous touching of the 
contact terminals 10A and 10B by the user, and to let the processing and output circuit 
40 output the aforesaid frequency value to the aforesaid display unit if the detection 
15 result is positive, or to terminate the detection action of the bi-point detection type 
heart-rate monitor and to drive the processing and output circuit 40 output a warning 
signal when the detection result is negative. In actual practice, the detection unit 50 can 
be comprised of two infrared inductors, thin-film switches, or micro switches 
respectively installed in the contact terminals 10A and 10B, and a specific circuit 
20 adapted to detect if the two sensors are simultaneously triggered or not and then to 
control the operation of the other circuit (for example, the amplifier-filter circuit 20) 
subject to the detection result. 

The detection unit 50 is provided to prevent a false judgment and output of 
an error or insignificant value due to the interference of resistor means in the air with 
25 the circuit when the bi-point detection type heart-rate monitor is not in use or when the 
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hands or legs of the person under examination unexpectedly left the contact terminals 
10A and 10B during the use of the bi-point detection type heart-rate monitor. 

Referring to FIG. 3, the bi-point heart-rate monitoring method of the present 
invention comprises the steps of: 
5 (a) letting the person to be examined to hold the two contact terminals 10A 

and 10B with the two hands; 

(b) driving the detection unit 50 to detect if the two hands of the person to 
be examined are holding the two contact terminals 10A and 10B or not; 

(c) stopping the detection and providing a warning signal if the detection of 
10 the detection unit 50 tells that the two hands of the person to be examined are not 

holding the two contact terminals 10A and 10B; 

(d) applying a predetermined voltage to the two contact terminals 10A and 
10B and simultaneously measure the impedance signal between the two contact 
terminals 10A and 10B if the detection of the detection unit 50 tells that the two hands 

15 of the person to be examined are holding the two contact terminals 10A and 10B; 
wherein since the detection unit 50 is provided, it prevents a false judgment of the 
circuit such that the impedance signal is as shown in FIG. 4; 

(e) driving the amplifier-filter circuit 20 to amplify the impedance signal 
thus measured and to remove noises from the signal; 

20 (0 driving the waveform converter 30 to rectify outputted waveform from 

the amplifier-filter circuit 20 into a square wave of a predetermined wavelength; 

(g) driving the processing and output circuit 40 to receive the square wave 
signal outputted by the wave form converter 30 and to process the received square 
wave signal into a frequency value indicative of the heart-rate of the person under 
25 examination by means of a computing process, and then to output the frequency value 
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thus obtained to a display unit for display. 

FIG. 5 is a schematic drawing showing the structure of an exercising 
machine in which the bi-point detection type heart-rate monitor of the present 
invention is installed. As illustrated, the first contact terminal 10 A and the second 
5 contact terminal 10B are shaped like an oval plate and respectively located on the 
surfaces of the left handlebar 72 and right handlebar 74 of the exercising machine; the 
amplifier-filter circuit 20, the waveform converter 30, and the processing and output 
circuit 40 are integrated into a circuit board 60; two infrared transmitting receiving 
devices 52A and 52B (other equivalent sensor means may be used) are respectively 
10 installed in holes 11 A and 11B in the oval plate-like first and second contact terminals 
10A and 10B to form with a detection circuit in the circuit board 60 the aforesaid 
detection unit 50; the output end of the processing and output circuit 40 is electrically 
connected to a display unit 76. When the user holding the tow handlebars 72 and 74 
over the contact terminals 10A and 10B during exercise, the bi-point detection type 

15 heart-rate monitor monitors the heart-rate of the user and displays the detected 
frequency value on the display unit 76. 

With respect to further detailed description of the detection unit 50, please 
refer to FIG. 6. The infrared transmitting receiving devices 52A and 52B are 
respectively installed in the respective center holes 11A and 11B in the oval plate-like 

20 first and second contact terminals 10 A and 10B, each having a transmitting terminal 
and a receiving terminal. The transmitting terminal and receiving terminal are located 
on the same location, which is referenced by P. When the user is holding the contact 
terminals 10A and 10B with the two hands, the infrared transmitting receiving devices 
52A and 52B simultaneously produce a respective invisible light beam L that is not 

25 harmful to human beings. The transmitting terminal is the initial point of the respective 



light beam L. The receiving terminal is the receiving point of the diffraction light 
produced after the respective light beam L encountered an obstacle (the respective 
light beam L projected onto the palm of the corresponding hand of the user). By means 
of detecting energy variation at the receiving terminals of the infrared transmitting 
5 receiving devices 52A and 52B of the detection unit 50, the distance (corresponding to 
amount of loss of light energy) between the user (the person under examination) and 
the transmitting terminals is measured, and therefore the contact status between the 
palms of the user's hands and the contact terminals 10A and 10B is known. When the 
energy detected at the infrared transmitting receiving devices 52A and 52B of the 

10 detection unit 50 is within the set range, the monitor starts monitoring the user's 
heart-rate. When the energy detected at either of the infrared transmitting receiving 
devices 52A and 52B surpassed the set value, the monitor stops monitoring the user's 
heart-rate, and produces a warning signal. The monitoring action starts again only 
when the user adjusted to the accurate position. 

15 As indicated above, the bi-point detection type heart-rate monitor has the 

following advantages: 

1 . The structural arrangement of the present invention is unlike conventional 
four-point detection type heart-rate monitors. When in use, each hand or foot needs 
only to touch one single terminal to achieve positive contact. 

20 2. If either hand (or foot) of the user is not in contact with the respective 

terminal, the contact error is immediately detected without obtaining impedance from 
the air, and therefore the invention does not produce a false value, ensuring an accurate 
detection result. 

3. The infrared transmitting receiving devices are respectively located on 
25 the geographical center of the respective contact terminals, increasing the detection 
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accuracy of the system. 

According to the present invention, the bi-point detection type heart-rate 
monitor can be employed to a variety of devices having footboard or pedal means 
(weight scales or pedals of exercising machines), devices having handle means 
5 (handlebars of exercising machines or physical measuring instruments), or any of a 
variety of other devices. 

Although a particular embodiment of the invention has been described in 
detail for purposes of illustrated, various modifications and enhancements may be 
made without departing from the spirit and scope of the invention. Accordingly, the 
10 invention is not to be limited except as by the appended claims. 
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